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(54) Radio communication transceiver 

(57) The object of the invention is a radio communi- 
cation transceiver. In which the bw noise preamplifier 
and mixer of the receiver and the power amplifier, direc- 
tional coupler and the mixer of the transmitter are inte- 
grated in connection with the filter section. The active 
components are integrated with the filter so that the en- 
tity forms one component on the circuit board of the tel- 
ephone. 
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Description 

The present invention relates to a small size radio 
communication transceiver structure with a high degree 
of integration. 5 

A radio device according to prior art with duplex 
function and utilizing time or frequency division duplex 
(FDD. Frequency Division Duplex; TDD, Time Division 
Duplex) comprises several RF and IF filters both on the 
transmitter and the receiver side. Figure 1 shows a TDM io 
radio according to prior art. The radio device 10 com- 
prises on the receiver side a band-pass fitter 12 with rts 
Input port connected to the antenna switch 14. The out- 
put port of the filter is connected to a low noise amplifier 
(UNA) 17. which amplifies the received radio signal. Af- is 
ter this there is a second band-pass filter 18, which fur- 
ther filters the received signal. The output port of the 
filter 1 6 is connected to a mixer 1 1 . in which the received 
signal is mixed with the first injection signal from the syn- 
thesizer 22. The intermediate frequency (IF) signal ob- 20 
tained as the mixing result is then supplied to the RF 
circuit for further processing. 

The transmitter section of the radio 10 comprises a 
second local oscillator (LO) signal 26. which is generat* 
ed by the transmitter front end (not shown) and mixed 2s 
in a mixer 30 with the first injection signal. The output of 
the mixer 30 is supplied to the band-pass filter 1 3, which 
is located before the power amplifier 1 4 of the transmit- 
ter. The output of the power amplifier 14 is connected to 
the input of a low-pass or band-pass filter 15, so that so 
undesired components can be filtered from the transmit- 
ted signal before it is broadcast via the antenna. Be- 
tween the power amplifier 14 and the band-pass fitter 
1 5 there is often a directional coupler (not shown) with 
which it is possible to measure the power level of the 3S 
signal going to the antenna. 

It is very difficult to integrate two successive RF 
blocks (e.g. LNA 17 and the antenna switch 1 9) and the 
■off-chip' filter 1 2 between them. The filter may be for 
instance a helical, a dielectric or another corresponding 40 
filter, and regarding the function of the shown radio de- 
sign 10 it is necessary to use this filter. The difficulty is 
primarily due to the fact that if the 'off-chip* fitter and the 
RF blocks are integrated on the same chip, then the 
large size of the filter requires large size connection 45 
strips - compared to the RF blocks realized in IC tech- 
nology, whereby the selectivity of the filter is impaired 
by the electrical stray quantities and inductive coupling 
caused by these strips. In practice a complete integra- 
tion will not be economical when "off -chip' filters are so 
used between the RF blocks. Thus TDM radios accord- 
ing to prior art comprise several RF blocks realized with 
concentrated or discrete components, and filters con- 
nected between the blocks. 

50 0 was established as a standard impedance in ss 
the interfaces between the discrete components and the 
filters. Manufacturers of filters and semiconductors 
adapt their input and output impedances to the standard 



value in order to facilitate a modular design. Very often 
the input and output impedances of RF circuits woukJ 
preferably be lower, for instance an optimal input imped- 
ance level of the LNA 17 would be about 10 The ad- 
aptation to the standard value must be made with a 
matching circuit. whk;h is made of discrete components 
or which the semiconductor manufacturer integrates as 
a part of the RF circuit. In order to be able to substantially 
decrease the size and price of the radio device from the 
present level we must develop a radio architecture 
which enables an easier integration of said blocks. 

It is known to integrate all active components of a 
radk) transceiver on one chip. The patent publication 
WO 93/14573 shows a new architecture solution based 
on time division multiple access and using time duplex. 
In the architecture presented in the publication all active 
components of the transceiver were integrated in one 
circuit, whereby it was possible to increase the degree 
of the tntegratkxi. {However, the filters essential for the 
function of the structure are left outskde the integrated 
circuit, so that there are substantial problems in the 
matching of these circuits. 

The major disadvantage of the design presented in 
the publk:ation is that without a separate duplexer it can 
not be used In systems using Time Division Multiple Ac- 
cess and Frequency Division Duplex (TDMA/FDD), 
which in practice almost doubles the physical size of the 
circuit shown in the publication. Also, the design does 
not contain any directional coupler or a direct measuring 
connectk>n for automatic gain control. The directional 
coupler must be realized as a transmission line outskie 
the integrated circuit, directly on the printed board of the 
telephone, which is very susceptible to electrical inter- 
ference. A directbnal coupler made on the printed board 
requires a substantial area on the printed board and also 
causes an extra attenuatk>n of at least 0.5 dB in the 
transmitter chain, which has a direct effect on the power 
consumption of the telephone and thereby on the 
achievable talk time. 

Another disadvantage of the design presented in 
the above publication is the poor selectivity of the trans- 
missnn line resonator filter formed in the ceramic sur- 
face. The filter is used to fitter the mixing results of the 
mixer in the transmission branch. Its pass-band attenu- 
ation level is low enough, but when low intermediate fre- 
quencies of the magnitude 70 MHz are used, then the 
selectivity is not at all sufficient if we require e.g. 30 dB 
attenuation level for the mixing results. 

Further we know in the prior art a transceiver, in 
which the duplexer, the transmitter and the receiver are 
Integrated on one chip. This solution is presented in the 
patent US 4 792 939. In the design according to the pat- 
ent the duplexer is realized with Surface Acoustic Wave 
(SAW) filters. This design integrates the receiver's low 
noise amplifier (LNA), the band-pass filter realized with 
the SAW technology, and the mixer. The patent further 
presents a solution in which circuits required by the pow- 
er control are integrated in said design. i.e. the direc- 
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tional coupler and the control unit, the power amplrfier 
of the transmitter, and the separate amplifier for its con- 
trol. 

The problems of the solution presented in the patent 
relate to the SAW filters used. The require matching cir- 5 
cults that are large compared to the filters, which make 
it impossible to apply the solution in mobile phones, and 
the matching circuits realized as transmission lines on 
the printed boards are susceptible to electro-magnetic 
interference. The modest power capacity of the S AW fil- io 
ters prevents a duplexer assembled comprising these 
filters to be used in the transmitter branch of a mobile 
phone, where the power capacity may be 2 W. A SAW 
filter is also very susceptible to temperature changes, 
which will appear as a frequency drift. This must be ob- is 
served so that the SAW filter pass-band is made wider 
than needed, which for its part also prevents the use of 
these solutions particulariy in future mobile phone net- 
works, where the transition band between the transmit 
and receive bands is made narrower than the present 20 
one; for instance in the future E-GSM network, which is 
a GSM system enhancement according to the ETSI (Eu- 
ropean Telecommunicatk>ns Standards Institute) spec- 
ification 05.05 "European digital cellular telecommuni- 
cation system (phase 2); Radio t ransmisskxi and recep- 25 
tion*. the transition band is only 10 MHz. There should 
also be mentioned the high pass-band attenuation of the 
SAW filters, about 3,0 to 4,0 dB, which is quite too high 
regarding the transmitter branch of a mobile phone. 

Time divis»n multiplex/imultiple access (TDM/TD- so 
MA) is generally used in digital data communications 
networks, where the transmission and reception is 
made in different time slots. If the transmission and re- 
ception frequencies are the same, a mobile phone uses 
an antenna switch to separate the signals, whereby the 35 
switch connects the antenna alternately to the transmit- 
ter and the receiver branches of the device. As the iso- 
lating unit we can use a filter like the duplex filter used 
in analog telephones, if the transmission and the recep- 
tion are made on different frequency bands. The latter 40 
altemative will come into question also in systems using 
frequency division multiplex/imultiple access (FOM/FD- 
MA). 

A digital radiotelephone using Frequency Division 
Duplex (FDD) requires also filters besides the above ^ 
mentk)ned RF switch, because the input of the receiver 
must have some selectivity and it must protect the tow 
noise pre-amplifier. At the transmitter output harmonk: 
multiples of the transmisston frequency and other spu- 
rious transmissions such as mirror frequencies must be so 
attenuated. The filters further remove noise generated 
on the receiver's band by the transmitter chain. The fre- 
quencies betowthe transmission band must also be at- 
tenuated with a separate filter. In a system using time 
duplex, such as the DECT (Digital European Cordless SS 
Telephone), separate arrangements must further take 
care of sufficient attenuation of the spurious transmis- 
sions generated during signal transmission towards the 



antenna. 

In the prior art we know solutions where the antenna 
switch and the filter have been combined in the same 
structure. The patent US 5 023 935 uses as a filter two 
parallel transmission lines, of whk:h the first has one end 
connected to the antenna. The second transmission line 
has the first end connected to the receiver and this end 
can be shorted with a PIN dkxie. The second end is con- 
nected to the transmitter through a reverse biased PIN 
dkxJe. The use of the diodes and the transmission line 
provides a sufficient isolation, and some degree of fil- 
tering is obtained by using transmission lines with a mu- 
tual electromagnetic coupling. However, with this design 
it is not possible to use high powers, and it has very mod- 
est filtering characteristics. A further disadvantage of the 
design is its large size. It utilizes transmission lines with 
a length of a quarter-wave, having a length of about 8.5 
cm at a frequency of 880 MHz. When other circuit ele- 
ments are added, the total size of the design could easily 
amount to about 20 x 100 mm, which is far too much in 
mobile phones. 

The patent Fl 90926 presents a method with which 
the frequency of a filter realized by transmission tine res- 
onators can be changed in a desired way and with high 
accuracy in a time division multiple access system, both 
when it utilizes one frequency band and two frequency 
bands. According to the patent the resonators are ar- 
ranged in groups between the three ports of the filter, 
and with the aki of an external control signal the char- 
acteristic frequency of the resonators between e.g. the 
first and the third port or between the first and the second 
port. The resonance frequency of separate resonators 
is changed for instance with a method presented in the 
patent Fl 88442 (US 5 298 873), in which an auxiliary 
resonator arranged adjacent the main resonator is 
shorted at one end when required, whereby the charac- 
teristic impedance of the design will change leading to 
a change in the resonance frequency. In the present in- 
vention it is also possible to use other known methods 
to shift the frequency of a resonator and a filter compris- 
ing such resonators. 

The patent Fl 90478 shows how transmission lines 
in the couplings or matching circuits of the transmitter 
branch can be used as a part of a directkxial coupler In 
this way the directional coupler can be moved from the 
circuit board, which is susceptible to interference and 
losses, inside the cover of the high frequency filter on a 
substrate with low loss. Measurements have shown that 
when we move the directional coupler to be part of the 
filter we obtain, due to the lower insertion loss, a power 
saving of about 0.3 dB compared to a conventional cir- 
cuit board embodiment. 

Some aspects of the invention are defined in the 
appended claims. A further aspect provides, in general 
terms, a transceiver structure comprising: 

a) a combined antenna switch and filter section, in 
which a filter with tunable pass band characteristics 
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is realized with resonators, and with which the 
transmitter and the receiver of the radio device can 
be connected to a common antenna in a mobile 
phone network based on Time Division Multiple Ac- 
cess (TDMA), which can use either Frequency Di- ^ 
vision Duplex (FDD) or Time Division Duplex (TDD)» 

b) a directional coupler. 

c) a Power Amplifier (PA) and a mixer in the trans- 
mitter, and 

d) a Low Noise Amplifier (LNA) and a mixer in the 10 
receiver. 

An object of certain embodiments of the present in- 
vention is to create a combined radio transmitter/receiv- 
er design, which is applicable in a digital mobile phone 
system based on Time Division Multiple Access / Fre- 
quency Division Multiple Access, Frequency Division 
Duplex / Time Division Duplex /TDMA/FDMA. FDD/ 
TDD), and which on one hand eliminates and/or reduces 
the above presented disadvantages of antenna switch- 20 
es based on RF switches or duplex filters, and which on 
the other hand combines the advantages of the above 
designs. A further object of certain embodiments of the 
invention is to increase the integration degree of a mo- 
bile phone by combining with the aritenna switch and 2S 
filter structure the receiver's low noise pre-amplif ier and 
mixer, and the transmitter's power amplifier, directional 
coupler and mixer. 

in one embodiment, these objects can be achieved 
by Integrating the antenna switch, filter, directional cou- 30 
pier, the receiver's LNA and mixer and the transmitter's 
PA and mixer within the same entity, in which all parts 
are assembled on one low loss substrate, and where 
they are located within a common cover protecting 
against interference. The entity forms one component 3S 
on the circuit board of the mobile phone. 

In embodiments of the invention, it is appropriate 
that active components, which are the receiver's LNA 
and mixer and the transmitter's power amplifier and mix- 
er, are combined to be a part of the filter structure on 40 
the same substrate together with the other components 
of the filter structure. 

A radio transceiver, according to certain embodi- 
ments, can be characterized in that a switch means is 
arranged in the connection of its filter section, the switch 4S 
operating as the aritenna switch of the radio transceiver, 
and that said filter section, the receiver section of the 
device, and the transmitter section of the device, form 
a structural entity, in which said receiver section and 
said transmitter section are arranged in connection with so 
the switch means and the filter section so that 

the supporting structure of the transmitter and re- 
ceiver sections is the same as the supporting struc- 
ture of the combined antenna switch and fitter sec- ss 

tion, 

the galvanic connections between the parts belong- 
ing to the arrangement are realized using said com- 



mon supporting structure, and that 
the transmitter and receiver sections are located 
within the protective cover, belonging to the fitter 
section and made of electrically conducting materi- 
al. 

The active components can be realized as discrete 
components, as one GaAs circuit, or as a multichip mod- 
ule. One inventive idea of the present invention is to in- 
tegrate the active component realized in said way within 
the filter-antenna switch-directional coupler-structure, 
whereby the major part of matching circuits can be elim- 
inated, which matching circuits would match the inter- 
faces of discrete components to the standard value of 
50 A. This means in the first place the matching circuits 
required so far at the input of the receiver's low noise 
pre-amplifier and at the output of the transmitter's power 
amplifier. Further all passive components required in the 
structure can be integrated, e.g. in thick film or thin film 
technology directly on the circuit board by using the 
MCM (Multbhip Module) technok^y. Thus we can elim- 
inate discrete modules and the reliability of the whole 
structure increases, its total weight and size decreases. 
Further we achieve cost savings in the manufacturing. 
Regarding the electrical functbns it is advantageous 
that parasitic elements are eliminated, which results in 
electrk:al circuits operating faster and with a lower total 
power consumption. 

Exemplary embodiments are now described In 
more detail with reference to the enck>sed drawings, in 
which 

Figure 1 shows as a block diagram a TDM radk> ac- 
cording to prior art; 

Figure 2 shows as a block diagram a prior art RF 
antenna svntch and interlace to the radiotelephone; 

Figure 3 shows the use of a duplex filter in a radio- 
telephone; 

Figure 4a shows as a btock diagram the use of an 
RF switch and filter In separate sections; 

Figure 4b shows as a block diagram the front-end 
of a device using the RF switch/filter structure; 

Figure 4c shows as a bkx:k diagram the front -end 
of a device using another RF switch/filter structure; 

Figure 5 shows as a simplified circuit diagram a 
known method with which the frequency of a reso- 
nator can be changed; 

Figure 6 shows in a simplified way a known method 
with which a directional coupler can be realized in 
connection with a fitter; 
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Figure 7 shows as a simplffied circuit diagram a 
known antenna switch design; 

Figure 7b shows a principle with which the isolation 
of the antenna switch according to figure 7 can be 
increased; 

Figure 8 shows as a simplified circuit diagram how 
the known antenna switch design of figure 7 can be 
integrated as a part of the fitter structure; 

Figure 9a shows how the structure according to the 
circuit diagram of figure 8 is realized by using a filter; 

Figure 9b shows another way to realize the struc- 
ture according to the circuit diagram of figure 8 by 
using a dielectric filter; 

Figure 9c shows the bottom surface of the resonator 
block of figure 9b; 

Figure 10 shows how the structure according to the 
circuit diagram of figure 8 is realized by using a SAW 
filter; 

Figure 1 1 shows how the structure according to the 
circuit diagram of figure 8 is realized by using a hel- 
ical resonator filter; 

Figure 12 shows as a block diagram the front-end 
of a device using an RF switch/filtering antenna 
switch; 

Figure 1 3 shows as a simplified circuit diagram how 
the known antenna switch design according to fig- 
ure 7 can be integrated as a part of the duplex filter; 

Figure 14 shows as a block diagram a TDM radio, 
which uses the transceiver according to the inven- 
tion; 

Figure 15 shows as a circuit diagram and a struc- 
tural diagram the embodiment of the transceiver ac- 
cording to figure 14 by using a dielectric filter; 

Figure 16 shows as a circuit diagram and a struc- 
tural diagram the realization of the transceiver ac- 
cording to figure 14 by using a helical resonator fil- 
ter; and 

Figure 17 shows in cross section the embodiment 
of the transceiver according to figure 14 by using 
ceramic or SAW filters and MCM technok>gy. 

First we describe in nrKDre detail the prior art with refer- 
ence to figures 4b to 13. 

Figures 4b and 4c show an RF switch Kj, Kp and 
filter St. Sp which are integrated as an antenna switch 



bkxk AK. When a signal is transmitted in a TDMA/FDD 
system (figure 4b), the control logic Lp directs the signal 
through the filter Sp with the RF switch Kp in position T. 
Then the center frequency of the filter Sp corresponds 
s to the transmission frequency of the system. Then the 
RF switch appears to the transmitted signal as a tow im- 
pedance signal path to the transmitting port. When the 
switch is in the position T, the filter Sp appears towards 
the antenna A as having an impedance equal to that of 
10 the antenna, i.e. as matched to the antenna. When a 
signal is transmitted in a TOMAH'DD system (figure 4c). 
the control logic Lj controls the RF switch into position 
Tand connects the signal through a fixed frequency filter 
Sj and the RF switch Kj to the antenna. When the signal 
IS is transmitted the RF switch K^, Kp appears to the re- 
ceiving port as a very high impedance and attenuates 
the signal in the solutions according to both figure 4b 
and figure 4c. In the transmission the attenuation of the 
RF switch K-p. Kp can vary from 10 to 70 dB. depending 

20 on the switch type in use and on the configuratk>n. 

When the signal is received with the soiutk)n ac- 
cording to figure 4c in a TOMA/TDD system, the control 
k^ic Lj controls the signal through the filter to the 
RF switch Kj, which is then in position R. When the sig- 

2S nai is received with the solution according to figure 4b 
in the time divisbn system, the control logic Lp changes 
the center frequency of the resonators of the filter Sp so 
that it corresponds to the receptk>n frequency by chang- 
ing the resonator frequency, e.g. with the method pre- 

30 sented In the patent Fl -88442. To a person skilled in the 
art it is apparent that it is possible to change the reso- 
nator frequency also with other known methods so that 
it changes from the transmission frequency to the re- 
ceptkxi frequency of the system. In the time division sys- 

3S tern the control k)gic Lp controls the RF switch Kp Into 
position R and connects the signal through the filter Sp 
and the RF switch Kp to the reception port RX. When 
the signal is received the RF switch Kj, Kp appears to 
the received signal as a signal path with low impedance 

40 and low reflection to the reception port RX in the solution 
according to the soluttons of both figure 4b and figure 
4c. When the signal is received the RF switch Kj. Kp 
appears to the transmission port as a very high imped- 
ance which attenuates the signal. The attenuation of the 

45 RF switch K J, Kp can in reception vary from 1 0 to 30 dB 
depending on the switch type in use and on the config- 
uration. The design of figure 4a formed by discrete 
bkxks has compared to the solutions of figures 4b and 
4c the atx^ve mentioned disadvantages of the discrete 

so component embodiments. 

In figure 5 the reference numeral T1 shows a main 
resonator, which can be of any type, such as a helical, 
a coaxial, a dielectrk: or a stripline resonator. This res- 
onator has a certain resonance frequency f. A stripline 

ss 72 is located in its electromagnetic field, whereby the 
stripline has an open top end which can be shorted with 
the switch S. A coupling M acts between the resonators. 
When the switch is open the stripline functions as a half- 
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wave resonator (X/2-resonator)» which has a certain res- 
onance frequency i^. Due to the measurements of the 
strlpline this resonance frequency fo is so tar from the 
resonance frequency f of the main resonator T1 that the 
auxiliary resonator 12 hardly has any effect on the cent- s 
er frequency f of the main resonator Tl . When the switch 
S is closed it shorts one end of the stripline. so that it 
changes into a quarter-wave resonator (X/4-resonator). 
which has the resonance frequency y2, which is thus 
higher than f. The coupling M will now cause the reso- io 
nance frequency of the main resonator Tl to shift down- 
wards by the amount Af. The amount of this shift Af can 
be made as desired by selecting a suitable resonance 
frequency fo and coupling M. The coupling M is deter- 
mined by the dimensions and the mutual location of the 
resonators. 

Figure 6 shows the interface between the radiotel- 
ephone's duplex filter and other blocks of the telephone. 
The duplex filter/ directional coupler block 1 comprises 
four ports: one port 8 for the transmission signal coming 20 
to the filter, one antenna port, the receiver port, and the 
directional coupler port 7. The received signal coming 
from the antenna 6 propagates to the receiver 5 through 
the reception fitter block 3 of the duplex filter 1 . Corre- 
spondingly, the signal coming from the transmitter 4 25 
propagates to the antenna 6 through the RX isolation 
filter block 2 of the duplex filter 1 . From this signal prop- 
agating to the antenna the directkxial coupler 10 takes 
a sample with a certain level, corresponding to the pow- 
er level of the transmitter, and connects it to the direc- 30 
tional coupler port 

Figure 6 is an example of an embodiment in which 
the RX isolatkMi filter 2 of the duplex filter 1 is realized 
by the helical resonator technobgy. and the directional 
coupler 10 is integrated in the matching circuit at the ^ 
resonator's transmitter end. Preferably the directbnal 
coupler is realized by using parallel microstriplines. The 
first stripline A functions as a coupling strip between the 
filter input and the helix HX1 . and the second sUipline B 
functk)ns as a coupling strip to the directkmal coupler 40 
port 7. The coupling strip B is terminated with a resistor 
R. In the filter according to the figure the directional cou- 
pler could also be bcated in front of the antenna port 9, 
whereby it could easily be realized by adding in parallel 
with the impedance matching stripline C a circuit, which ^ 
would comprise a directional coupler stage 7. a stripline 
B with electromagnetic coupling to the stripline C. and 
a terminating resistor R. 

Figure 7 shows a well known RF switch design re- 
alized with PIN diodes. The RF switch design according so 
to the figure 7 can be integrated in the filter. Other RF 
switches could also be used. When a signal is transmit- 
ted both PIN diodes D1 and D2 of the RF switch are 
forward biased by the biasing voltage Vj^i^g. Then the 
series connected PIN diode Dl appears to the signal 55 
going to the antenna A as a low impedance signal path, 
and the parallel connected PIN diode D2 effectively 
shorts the antenna port as seen from the reception port 



R. thus preventing its overk>ading and protecting the 
sensitive low noise pre-amplifier (LNA in figure 1) 
against the strong transmitter signal. In the transmission 
mode the antenna and reception port R can be isolated 
by changing the low impedance of the parallel connect- 
ed PIN diode 02 to a high value by the 90 degrees phase 
shifter PS. It is to be noted that LC low-pass structures 
are generally used as the coupling elements of the stop- 
band filter realized e.g. by transmission line resonators, 
whereby these structures can be utilized as part of the 
RF switch in the form of the phase shifter PS. The LC 
k>w-pass structures also form a low-pass filter to filter 
the harmonics generated by the transmitter The re- 
quired isolation can be increased for each applicatkxi e. 
g. by increasing the number of PIN diodes connected in 
parallel with the reception branch of the RF switch so 
that they are mutually connected at quarter-wave dis- 
tances according to figure 7b. 

When a signal is received both PIN dkxles Dl and 
02 are reverse biased and appear to the received signal 
as a low capacitance, which creates a tow impedance 
and tow loss signal path from the antenna A to the re- 
ception port R. During signal reception the transmisskxi 
port T is isolated from the antenna port A due to the high 
impedance caused by the zero or reverse bias of the 
PIN diode 01 connected in series with the transmisskxi 
branch of the RF switch. The presented design does not 
in any way limit the design of the RF switches which can 
be used in the invention, but the RF switch can be for 
instance a PIN diode switch of the serial-serial, parallel- 
parallel type well known to a person skilled in the art and 
which can be controlled by one ore more biasing volt- 
ages. Further the embodiment of the RF switch is not 
limited only to switches realized with PIN diodes, but it 
can be realized e.g. in GaAs technotogy. The RF switch 
can be integrated on the same substrate as a SAW filter, 
so that their common structure fomi a very smalt and 
compact component when it is packaged and possible 
hermetbally sealed. 

Figure 8 shows an antenna switch according to fig- 
ure 7 integrated in the fitter. In signal transmission and 
reception the band-stop structure formed by the reso- 
nators R1 and R2 has the same functtons as the trans - 
misston filter 1 5 and reception filter 1 2 according to fig- 
ure 1 . when their frequencies are changed so that they 
satisfy the space required by each. The antenna switch 
formed by the PIN diodes and the striplines and discrete 
components of the fitter correspondingly has the same 
functions as the antenna switch according to figure 7. 

When a signal is transmitted the control logic Lj, Lp 
(shown in figures 4b and 4c) directs a positive voltage 
to port 4, so that both PIN diodes 8. 9 also are forward 
biased. Then the signal passes from the transmission 
port 1 to the antenna through the pass band filter formed 
by the resonators 10 (R2), 11 (R1) and capacitors 54 to 
58 and coil 12. The signal does not go to the reception 
port 3. because the tow forward resistance of the second 
PIN dkxle is transformed into a high resistance (the sig- 
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nal is attenuated about 30 dB) with the aid of the 90** 
phase shifter PS formed by the transmission lines 
(shown In the embodiment example figures 7 and 8), the 
capacitors 54. 59 and the coil 14. 

When the signal is received the control logic directs 
a zero bias to the port 4. Then both diodes 8, 9 are re- 
verse biased. Then the signal passes from the antenna 
A through the pass-band filter to the reception port 3, 
because due to the PIN diode 6 the impedance of the 
transmission port appears as a very high impedance to 
the signal. 

The number of extra components required by the 
antenna switch can be minimized with the presented ar- 
rangement, because the transmission tines and capac- 
itors already present in the filter itself can be utilized for 
the realization of the phase shifter PS and the required 
transmission lines. The extra components required by 
the antenna switch are the bias port 4. the current lim- 
iting resistor 6 (shown in figure 1 5 and 1 6), the inductor 
7, the PIN diodes 8 and 9, and the capacitors 51 to 53. 
Instead, the filter already contains the phase shifter PS 
which is formed by the capacitors 54. 59 and the coil 1 4, 
and which is required in the antenna switch, so that the 
arrangement provides a reduction in the number of com- 
ponents compared to a situation when the design would 
be realized with a separate filter and antenna switch ac- 
cording to figure 3a. The other components belonging 
to the filter are the resonators 10, 11 and the capacitors 
54 to 58 and the coil 12. 

Filters of different types and based on different res- 
onators can be used as the filter In the case of high 
power and high frequency it is preferable to use a filter 
based on helical resonators or ceramic transmission line 
resonators. Also e.g. a surface acoustic wave (SAW) fil- 
ter or a stripline filter can come into question so that the 
resonators 1 0 and 1 1 are made as transmission line res- 
onators e.g. iristead of the SAW filter 15 in figure 10, or 
instead of the dielectric resonators in figure 9. To a per- 
son skilled in the art it is clear that also filters of other 
types could be used. Previously we mentioned that the 
isolation attenuation between the transmitter and the re- 
ceiver is of the magnitude 30 dB. Correspondingly the 
isolation attenuation requirement is typically 60 dB in an- 
alog telephones. When we also observe the isolation, 
e.g. 20 dB which is achievable even with a simple RF 
switch, the filters in the TDMA/FDD and TDMA/FDMA 
systems can use less resonators, whereby the size of 
the filter decreases. We could for instance estimate that 
when we use ceramic resonators in the filter the volume 
of the whole antenna switch A would be considerably 
less than one cubic centimeter. 

Figure 9 shows a dielectric fitter as a basic embod- 
iment of the circuit diagram according to figure 8. this 
fitter comprising a block of dielectric material in which 
the resonators are formed as bores, which extend 
through the block and which are coated with a conduct- 
ing material. The circuit arrangement in figure 9a is not 
quite identical with that of figure 8, but it shows the main 



features of the embodiment. The dielectric block is gen- 
erally coated with a conducting material, except for that 
surface of the block where the so called high impedance 
ends of the resonators opens. In the figure this surface 
5 is shown as a surface having the resonator holes 10, 
1 1 . The bottom end of the resonators, where the coating 
of the bores joins the coating of the block, is not shown 
in the figure. In figure 9a all other components of the 
figure except the resonators are formed by transmission 
10 lines (the ruled segments) and by discrete components 
(e.g. surface mount components), which in the figure are 
shown as light segments. The connecting tab 1 3 joins 
the block coating, i.e. it functions as a ground plane. The 
coil 1 2 is formed on the lateral surface of the block. Also 
other coupling patterns and components could as well 
be made on the lateral surface of the ceramic block. 

The embodiment shown in figures 9b and 9c. in 
which the coupling to the resonators 10. 11 is made at 
the lateral surface of the resonator block B. Other cou- 
pling patterns are arranged on a separate substrate S. 
which can be a ceramic or a Teflon substrate, or a circuit 
board of some other material. In the emtxxiiment ac- 
cording to the figures 9b and 9c the lateral surface con- 
taining the coupling patterns is also substantially without 
coating, in addition to the top surface of the resonator 
bkx:k B. The coupling patterns, which are used for the 
coupling to the resonators 10, 11, are located between 
the resonator block B and the substrate S, and therefore 
they are not seen in figure 9b. These coupling patterns 
are shown in more detail in figure 9c, which shows the 
resonator block B seen from that lateral surface, which 
in figure 9b is against the substrate S. The dimensions 
in figure 9c do not correspond to the dimensk)ns of the 
blocks in figure 9b. The stripiine 1 6 on the substrate joins 
the stripline 16 on the lateral surface of bkx^k B shown 
in figure 9c. and is so etectromagnetically coupled to the 
resonator 1 1 . The coupling from the resonator 1 0 to the 
antenna is made through the coupling tab 2, from which 
the signal is directed along the stripline to the substrate 
S and on the substrate to the stripline 2, shown in figure 
9b. 

Figure 10 shows an embodiment corresponding to 
that of figures 9a and 9b. but here a Surface Acoustic 
Wave (SAW) filter is used as the filter. The SAW filter 1 5 
can be embedded in the same substrate, on which other 
components and coupling patterns are situated, as is 
presented e.g. in the publication US-5 254 962. 

Figure 11 shows an embodiment of the circuit ac- 
cording to the figure 8 in a helical resonator filter The 
helical resonators of the filter can be realized as a so 
called finger support structure (or comb structure), 
which is described e.g. in the Finnish patent Fl-80542. 
Then the resonators 10. 11 are formed by a metal wire 
wound as a cylindrical coil around an extension of the 
dielectric board. On the lower part of the board an elec- 
trical circuit is formed by discrete components, e.g. sur- 
face mount components, and striplines. The strips and 
components required for the antenna switch can easily 
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be added to the dieiectrk: board, whereby a compact 
combined structure of the antenna switch and the fiKer 
according to the invention is obtained. Several compo- 
nents 6 to 9, 12. 51 to 58 are shown in the figure as 
surface mount components which are soldered to the 
connecting tabs. 

Figure 12 shows another embodiment, in which the 
RF switch K and the filters S1 and S2 are integrated into 
the same antenna switch block A. When a signal is 
transmitted the control logic L drives the RF switch into 
the position TX. Then the RF switch appears to the 
transmitted signal as a low impedance signal path from 
the TX port to the antenna port, and the transmission 
filter SI is seen by the antenna as an impedance having 
the antenna impedance or matched to the antenna. The 
reception filter S2 is seen by the antenna as a very high 
impedance which attenuates the signal so much that it 
will not reach the receiver. The RF switch is further seen 
by the RX port as a very high impedance. The attenua- 
tion of the RF switch can vary according to the switch 
type and the configuration between 10 and 50 dB. 

When a signal is received the control logic drives 
the RF switch into the position RX Then the RF switch 
K appears to the received signal as a low impedance an 
low reflection signal path to the RX port. The reception 
filter 82 Is seen by the antenna as an impedance having 
the antenna impedance or matched to the antenna. The 
transmission fitter is seen at the reception band as a high 
impedance which attenuates the signal. The switch is 
also seen by the TX port as a very high impedance. 

Figure 13 shows how the embodiment of the block 
diagram of figure 1 2 is realized as a circuit diagram. The 
stop-band filter structure formed by the resonators Rl 
to R3 have the same functions as the transmission filter 
S2 according to the figure 2. Correspondingly the pass- 
band filter structure formed by the resonators R4 to R6 
has the same functions as the reception fitter S1. The 
antenna switch, which is formed by PIN diodes, trans- 
mission lines of the duplex filter and discrete compo- 
nents, has the same functions as the antenna switch ac- 
cording to the figure 7. 

Below we describe the invention and its embodi- 
ments with reference to the figures 14 to 17. 

Figure 1 4 shows as a block diagram a TDM radio, 
whose transmitter/receiver has a combinatbn accord- 
ing to the inventksn comprising the antenna switch, the 
filter, the receiver's LNAand mixer, and the transmitter's 
PA. directional coupler and mixer. The integrated struc- 
ture is marked as 100, and it functions as follows: The 
filter 110 and the antenna switch 120 form a combined 
structure which is similar to that described in figures 4b 
to 1 3 and controlled by a control logic (not shown). When 
a signal is received this structure forms a low impedance 
and low loss signal path from the antenna to the low 
noise amplifier (LNA) 130, which amplifies the received 
radio signal. The amplified signal is filtered by the band- 
pass fitter 135, and in the mixer 140 the filtered signal 
is mixed with the first injection signal supplied by the 



synthesizer 200. The intermediate frequency (IF) signal 
obtained as a mixing result is supplied through the band- 
pass filter (BPF) 180 to the receiver's RF circuit for fur- 
ther processing. 
5 The transmitter sectkxi of the radio 100 comprises 
another kx:al oscillator signal (LO), which is generated 
by the transmitter front-end (not shown) and mixed with 
the first injection signal in the mixer 150. The output of 
the mixer 150 is directed through the band-pass filter 
10 155 to the power amplifier 160, whose output is connect- 
ed through the directional coupler 170 to the antenna 
switch/filter-block 1 1 0. 1 20. When a signal is transmitted 
this block operates in the way described at>ove and 
forms a low impedance and tow loss signal path from 
IS the TX port to the antenna. 

The structure according to the invention and illus- 
trated in figure 14 is based on the perception that It is 
profitable to kx>k at the radk> architecture design from 
the view point of filter design. Then the input and output 
impedances of the filter and the antenna switch integrat- 
ed with it can be selected so that they optimally match 
the impedances of other sectton of the structure, partic- 
ularly the impedances of the amplifier. A thorough de- 
sign can eliminate the separate 50 ohm impedance 
matching circuits at the input of the LNA 130 and at the 
output of the PA 160. 

Figure 15 shows how the circuit according to the 
figure 1 4 is realized as an integrated structure according 
to the invention in a dieiectrk: filter. The figure 15 corre- 
sponds to the embodiment according to figure 9b re- 
garding the passive components of the antenna switch 
and the fitter, so that all components except the resona- 
tors are formed by transmission lines (the ruled seg- 
ments) and discrete components (e.g. surface mount 
components). The filter comprises a block B of dielectric 
material, where the resonators are formed as bores, 
which extend through the block and which are coated 
with a conducting material. The coupling to the resona- 
tors 1 0, 1 1 is made on the lateral surface of the resonator 
block B. Other coupling patterns are arranged on a sep- 
arate substrate S. which can be a ceramic or a Teflon 
substrate, or a circuit board of some other material. The 
discrete components are shown as light segments in the 
figure. The coupling patterns could be formed and the 
components be fixed to the lateral surface as well. The 
active components - LNA. PA and mixers 140 and 150 
- are shown as discrete components in the embodiment 
of figure 15. They can also be integrated on one GaAs 
circuit, which comprises the terminals for the band-pass 
fitters, which are marked with the references BPF(RF)/ 
RXin. BPF(RF)/RXout, BPF(RF)n'Xin and BPF(RF)/ 
TXout. 

The antenna switch which in figure 14 is marked 
with the reference numeral 120 is realized with two PIN 
dkxies PlNshunt and PINser in the figure 15. Their bias 
voltage is supplied to the circuit through the port Vbias 
and the current limiting resistor RA/bias. The switch 
functions as shown in figure 7, whereby the PlNshunt 
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operates as the diode 02 (figure 7) and the PINser op- 
erates as the diode D1 . Other discrete cornponents and 
the transmission lines connected to them form an im- 
pedance matching circuit, which is also used as a phase 
shifter PS. The figure also shows a metal cover, which s 
encloses the whole circuit and protects it against inter- 
ference. 

Figure 16 shows how the circuit according to the 
figure 1 4 is realized as an integrated structure according 
to the invention in a helical resonator fitter. Regarding io 
the passive components of the antenna switch and the 
filter the figure 1 6 corresponds to the embodiment of fig- 
ure 15, however so that the resonators are cylindrical 
coil conductors or helixes wound around the finger-iike 
extensions of the circuit board acting as the supporting is 
structure. The coupling to the helical resonators is made 
through the connecting tabs on the surface of the circuit 
board (not shown in the figure). The other coupling pat- 
terns are arranged on the circuit board and the discrete 
components are shown as light or ruled segments in the 20 
figure. In a similar way as In figure 1 5 the active compo- 
nents LNA, PA and mixers 140 and 150 - are schemat- 
ically shown as discrete components, but they can also 
be integrated on one GaAs circuit, which comprises the 
terminals for the band-pass filters, which are marked 2s 
with the references BPF(RF)/RXin, BPF(RF)/RXout, 
BPF(RF)>TXin and BPF(RF)/TXout. The PIN diodes 
PINshunt and PINser and the circuits connected to them 
operate in the same way as in the embodiment of figure 
15. 30 

Figures 15 and 16 also show the technical realiza- 
tion of the directional coupler according to the figure 6 
as a part of the integrated transceiver according to the 
invention. In figures 15 and 1 6 the stripline of the direc- 
tional coupler, which in figure 6 is marked as B, is now 3S 
located adjacent to the stripline directed from the power 
amplifier PA towards the antenna port, in figures 1 5 and 
16 the directional coupler port 170 and the terminating 
resistor R/170, which in figure 6 are marked as 8 and R. 
are now located at the edge of the rece ive and connect- ^ 
ed to the ends of the stripline of the directional coupler. 

Figure 17 shows how the circuit according to the 
figure 1 4 is realized as an integrated structure according 
to the invention, where a ceramic or SAW filter is used 
as the filter, and where the structure is formed by any ^ 
known MCM technok)gy, examples of which are 

MCM-C (Cofired Ceramics) 
MCM-L (Organk; Laminates) 

MCM-D (Deposited Dielectrics) so 
MCM-D/C (Deposited Dielectric on Gofired Ceram- 
ics) 

MCM-Si (Inorgank: Thick Film), and 
- Thick film Hybrid MCM. 

55 

All passive components connected to the antenna 
switch and the fitter, and the above mentioned active 
components (LNA, PA. and the mixers) are contained in 



the multichip module. The active components are 
mounted in the MCM stmcture as unpacked chips 240 
which are connected by any known method, examples 
of which are Die AttaclVWire Bonding, Tab, Flip Tab, and 
Flip Chip methods. In the figures there are the connect- 
ing wires 250 according to the Wire Bonding method. 
The circuit formed by the chips, the components and the 
transmission lines are molded in a protecting plastk: 
case 220. The ports 210 through which the integrated 
entity is connected to the antenna, the oscillators and 
the other sections of the radio, are on the sides of the 
module (only two ports in the figure). 

The embodiment realized with the Muttichip-Mod- 
ule method has some advantages compared to embod- 
iments assembled of discrete components. Multi-layer 
circuit boards 230 can be used in the MCM structure, 
whereby the conductors 260 between the components 
and the ground planes belonging to the structure can be 
placed quite freely within the module. The conductors 
are shorter. whk:h increases the electrical performance 
of the circuit and saves area. 

When the integrated transceiver according to the in- 
ventk>n is used in a radiotelephone of the TDMA/FDD 
system the good isolation and filtering characteristics of 
the conventional duplex filter can be retained and at the 
same time decrease the volume of the transceiver and 
the area it requires of the circuit board. Further, com- 
pared to an RF switch solution, it lowers the number of 
components to be inserted on the circuit board. The in- 
tegrated according to the invention can also be used in 
future dual-mode telephones, in which it may be re- 
quired that the telephone is prepared to operate with 
both the TDMA/FDD principle and the TDMA/FDD prin- 
ciple. The use of an arrangement like that of the inven- 
tion will be particularly important when networks with 
narrow duplex intervals will come into use. Then it will 
be impossible to design conventbnal passive duplex fil- 
ters within a reasonable volume. 



Claims 

1 . A radio transceiver comprising 

a) filter section (SI, S2, Sp, Sj) comprising 
transmission line resonators, 

b) receiver section comprising a tow noise am- 
plifier (LNA) and a mixer, and 

c) transmitter section comprising a power am- 
plifier (PA), a directional coupler and a mixer, 
characterized in that a switching means is ar- 
ranged in connection with said filter sectk>n, 
whereby the switching means operates as the 
antenna switch of the radio transceiver, and 
that said filter section, said receiver section and 
said transmitter section form a structural entity, 
in which sakJ receiver sectbn and said trans- 
mitter section are arranged in connection with 
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the switching means and the filter section, so 
that 

the support structure of the receiver section and 
the transmitter section is the same as the sup- 5 
port structure of the combined switching means 
and filter section. 

the galvanic connections between the parts be- 
longing to the arrangement are realized utiliz- 
ing the common support structure, and io 
the transmitter section and the receiver section 
are located within the protective cover made of 
electrically conducting material and belonging 
to the filter section. 

IS 

2. A radio transceiver according to claim 1 , character- 
ized in that the filter section comprises only one fit- 
ter (S*1 . S'2, Sp. Sj). which has a certain pass-band 
range, and which is common for the transmission 
and the reception. 20 

3. A radio transceiver according to claim 2, character- 
ized in that the certain frequency range of the filter 
section can be adjusted to the desired range as a 
response to a control signal. 2S 



ized in that the receiver section, the transmitter sec- 
tion and the passive components of the combined 
switching means and filter section, with the excep- 
tion of the resonators and the transmission lines for 
coupling to the resonators, are realized with the 
MCM method (multi-chip module). 



4. A radio transceive r according to claim 1 , character- 
ized in that the filter section comprises a filter (S2) 
of the transmitter branch and a filter (S1 ) of the re- 
ceiver branch containing transmission line resona- 30 
tors, which have matching circuits in order to realize 
the coupling to the transmission line resonators and 
to realize the couplings between the transmission 
line resonators an to match the filters to the anten- 
na. 3S 



5. A radio transceiver according to claim 1 . character- 
ized in that the resonators are helix resonators. 



6. A radio transceiver according to claim 1 . character- 40 
ized in that the resonators are dielectric resonators. 



7. A radio transceiver according to claim 1 , character- 
ized in that the resonators are stripline resonators. 

45 

8. A radio transceiver according to claim 1 , character- 
ized in that the filter is a Surface Acoustic Wave 
(SAW) filler. 

9. A radio transceiver according to claim 1 , character- so 
ized in that the receiver section and the transmitter 
section are realized with discrete components. 

1 0. A radio transceiver according to claim 1 . character- 
ized in that the receiver section and the transmitter ss 
section are realized on one integrated circuit. 

1 1 . A radio transceiver according to claim 1 , character- 
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